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Radium is naturally occurring radioactive element in the earth's crust. It is chemically
similar to calcium and absorbed from soil by plants, passed up the food chain to humans.
The occurrence and the distribution of radioactivity in water depend on the local geological
characteristics of the source, soil, rock and other factors that control the occurrence and
distribution of radionuclides in ground water and the hydro geological condition and the
geochemistry of radionuclides. Activities of the naturally occurring radionuclides 226Ra and
222Rn were determined in natural ground water of the Mandya district, Karnataka State,
India. The concentration of 222Rn in borewell water varies form 6.44 ± 0.20 to
44.83 ± 0.54 Bq l1 with geometric mean 16.42 ± 0.31 Bq l1. Higher radon concentrations
were observed at Yettaganahalli and Mandya city. 226Ra concentration varies form
14.26 ± 0.32 to 81.06 ± 0.99 mBq l1 with geometric mean 27.61 ± 0.43 mBq l1. It is observed
that the radon concentration is high in ground water around the granitic rock exposures
and similarly observation of high values of radon is reported in sheared gneiss which
covers major portion of the Mandya district to phyllites and schists. The total dose due to
ingestion and inhalation varies from 26.31 to 178.53 mSv y1 with a geometric mean of
65.94 mSv y1, which is below the prescribed dose limit of 100 mSv y1 by WHO.
Copyright © 2014, The Egyptian Society of Radiation Sciences and Applications. Production
and hosting by Elsevier B.V.Open access under CC BY-NC-ND license.1. Introduction
Radium and radon concentration in ground water and its
changeability with time and space have been studied
frequently in recent years. The results of these investigations
are very important for understanding radon migration pro-
cesses in the lithosphere and the role of ground water as
radon carrier fluid (Przylibski, Mamont-Ciesla, Kusyk, Dorda,re.ac.in, mschandrashek
ptian Society of Radiation
iety of Radiation Sciences& Kozłowska, 2004). It is also very important to recognize the
role of geological structure and rock type as a source of radon
dissolved in ground water. The underground water often
moves through rock and soil containing radon and radon gets
solubilized in thewater (Duggal, Rani, Mehra,& Ramola, 2014).
Water for human consumption should be free from chemical,
microbiological and radiological contamination (UNSCEAR,
2000). Radium is more chemically active and it is similar to
actinium. This can be absorbed from the soil by plants andara@gmail.com (M.S. Chandrashekara).
Sciences and Applications.
and Applications. Production and hosting by Elsevier B.V.
Open access under CC BY-NC-ND license.
Fig. 1 e Study area.
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emitted by radium will affect the tissues in the bone marrow
that produces red blood cells and also can cause bone cancer.
It undergoes natural disintegration and formed into stable
isotope 206Pb. The radioactive gas radon is a decay product of
226Ra. It is very important from the point of view of health risk.
222Rn is an inert gas whose concentrations in ground water
are reportedly related to a number of factors including emis-
sion of 222Rn from surrounding rocks, temperature, pressure,
rainfall and earthquake activities (Ilani, Minster, Kronfeld, &
Even, 2006; Sannappa, Chandrashekara, & Paramesh, 2006).
Radon concentrations in water have been known to be high in
most granite and in high-grade metamorphic rocks, whereas
less metamorphosed rocks have somewhat less 226Ra. The
highest 226Ra/222Rn levels in ground water are found in gran-
ites, silimanite or silimanite/orthoclase grade rocks; the
lowest levels are found in chlorite to staurolite grade rocks.
Generally, higher radon concentration is observed inwaters of
low mineralization. Also, the radon activity decreases with
the depth of the area where the water circulates (Kozlowska,
Hetman, & Zipper, 1999).
It escapes from the earth's crust through cracks and crev-
ices in bedrock and either dissolves in ground water or seeps
through foundation cracks into environment/human habita-
tions (Ningappa, Sannappa, Chandrashekara, & Paramesh,
2009). The alpha radiation emitted by radon and its progeny
polonium is considered a significant health hazard by the
united state environmental protection agency because at
elevated levels it causes lungs cancer (Lubin et al., 1995;
UNSCEAR, 2006). Radon present in rocks of the earth crust
continuously diffuses through the water in the rocks leading
to the presence of 222Rn in ground water. It has been deter-
mined that radon is the noble gas with higher solubility in
water with of the noble gas mole fraction value of 0.00125 at
37 C, half life of 3.8 days. which is 15 times higher than that ofhelium or neon. Radon in water is primarily a problem for
water supplies which extract water from drill holes in rocks,
which have somewhat higher uranium concentrations than
the average bedrock. Some types of rocks which often have
enhanced uranium concentrations, greater than 5 ppm of
uranium include; granites, syenites, pegmatite, acid volcanic
rocks and gneisses (Shashikumar, Chandrashekara, Nagaiah,
& Paramesh, 2009; UNSCEAR, 2000).
1.1. Study area
The present study was carried out in Mandya district Karna-
taka, India. It lies between North latitude 12 130 to 13 040 and
East longitudes 76 190 to 77 200 (Fig. 1). The district is located
in the southern meridian region of the state. Ground water
occurrence is limited to weathered zones and plains of folia-
tion or weak fracture zones of hard rock formations like
granites and gneisses. Geologically, the major portion of the
district is covered by granite and granitic gneisses. However, a
band of chlorite and mica schist along with intrusive like
pegmatite, dolerites and porphyries occurs as isolated
patches. The rocks are medium-to coarse-grained and
composed of grayish or white feldspars, bluish grey or white
translucent to opaque quartz, biotitic, and hornblende.2. Methods of measurements
2.1. 226Ra concentration in water
About 20 l of water was collected fromundergroundwater and
surfacewater sources in pre acid cleaned cans. Locationswere
marked using a GPS system and using portable pH meter pH
wasmeasured at the sampling Location. Analysis of radium in
water generally involves pre-concentration of samples by co-
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Reid, Key, & Schink, 1979).
We have adopted the method of adsorbing the radium in
water on commercially available manganese dioxide powder,
which can be used even for in-situ processing. About 20 l of
water samples was filtered through Whatman 42 filter paper.
To this filtered water in the container, 5 g of analytical grade
MnO2 powder was added. Themixture was stirred for a period
of 1 h using a mechanical stirrer and then allowed to settle for
2 h. The solution was heated until the clear solution was ob-
tained and then treated with 50 ml of concentrated HCl. The
solution was evaporated to near dryness and treated with
30 ml of concentrated HNO3 to convert it into nitric acid me-
dium and heated 3 times to near dryness to evaporate the
organic content present in the water. The system was then
cooled and make the solution about 70 ml using 4 N HNO3.
Radium being the parent of radon, its concentration can be
obtained by measuring built up radon concentration in radon
bubblers. Pre concentrated water sample of about 70 ml was
transferred to the radon bubbler is shown in (Fig. 2). A vacuum
pump was connected to the bubbler and air was sucked
through the sample solution to scrub it for about 5 min. This
would purge the solution of dissolved 222Rn. The solution in
the blubber was then allowed to stand for a known period of
about 21 days (about 3e5 half lives of 222Rn) for enough radon
to build up.
At the end of this period, an evacuated scintillation cell was
connected to the bubbler through the quick connector. Under
the influence of the vacuum in the scintillation cell, air getsFig. 2 e Radon bubbler.sucked through the solution and fills the scintillation cell. In
the process the air carries the dissolved radon in the solution.
By careful manipulation of the stopcocks the bubbling was
controlled and adjusted to be uniform and steady to ensure
complete transfer of radon into the scintillation cell (Fig. 3).
The scintillation cell was kept for 3 h or more to allow radon
daughters to reach equilibrium with radon. Then, the alpha
activity was counted for a period of 1000 s. The activity of 226Ra
in the sample was determined using the equation (1)
(Raghavayya, Iyengar, & Markose, 1980).
226Ra

Bq l1
 ¼ 6:97 10
2  D
V  E ðelTÞ  ð1 elqÞ  ð1 eltÞ (1)
where, D ¼ counts above background (Counts s1)
V ¼ volume of water (L),
E ¼ efficiency of the scintillation cell (74%),
l ¼ decay constant for radon (2.098  106 s1),
T ¼ counting delay after sampling (s),
t ¼ counting duration (s) and
q ¼ build up time in the bubbler (s).2.2. 222Rn concentration in water
Radon in water is measured by bubbling the radon into
evacuated ZnS(Ag) scintillation cells (Lucas cell) in a
controlled way using specially built devices. The minimum
detection limit for the measurement of radon is 0.05 Bq l1.
The instruments are supplied by Polletec Instruments Pvt.Fig. 3 e Lucas cell.
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Research Center Mumbai.
About 100 ml of water sample was collected from ground
water and surface water sources using a pre acid cleaned
airtight plastic bottleswithminimumdisturbance. In borewell
water sampling, water should be pumped out for 5 min. In
order to obtain fresh water from borewell, the water was
allowed run fully at least 5 min before the sample was taken.
then is collected by allowing water to flow along the wide
mouth bucket. About 100 ml of water samples were collected
in airtight plastic bottle with minimum disturbance. The
plastic bottles were filled completely in a gentle manner, so
that zero head space was present. Care was taken to see that
no air bubbles were seeing inside the container and also to
avoid aeration during the sampling processes, which might
lead to out gassing. During the sample collection we have to
follow the following procedure. Escape of radon from water
due to turbulent flow isminimized by running a hose from the
wellhead faucet into a bottle. Bottles are filled and capped
underwater without any airspace left in the sample. The
samples were brought to the laboratory with minimal loss of
time and were analyzed immediately.
The activity concentration of 222Rn in water was estimated
by the emanometry (Eckerman, Harrison, Menzel, & Clement,
2012). In this method, about 70 ml of the water sample was
transferred into the bubbler (Fig. 2) by the vacuum transfer
technique. The dissolved radon in the water was transferred
into a pre-evacuated and background counted scintillation
cell (Fig. 3). The scintillation cell was stored for 180 min to
allow radon to attain equilibrium with its daughters and then
it was coupled to a photomultiplier and alpha counting as-
sembly. The concentration was calculated using the equation
(2) given by Raghavayya et al. (1980).
222Rn

Bq l1
 ¼ 6:97 10
2  D
V  E ðelTÞ  ð1 eltÞ (2)
where, D ¼ counts above background (Counts s1),
V ¼ volume of water (L),
E ¼ efficiency of the scintillation cell (74%),
l ¼ decay constant for radon (2.098  106 s1),
T ¼ counting delay after sampling (s) and
t ¼ counting duration (s).2.3. Water quality parameters
The pH measurements were performed using a glass elec-
trode. The instrument used was the ELICO LF120 by Elico Pvt.
Ltd with an accuracy of 0.1 pH units. The electrical conduc-
tivity of the water samples was measured with a conductivity
meter ELICO CM180 from Elico Pvt. Ltdwith a relative accuracy
of 1%.
2.4. Dose due to 222Rn and 226Ra concentration in water
The committed effective dose for the population of the region
was estimated using the concentration of 222Rn and 226Ra in
water samples. The parameters for the inhalation pathway
were 222Rn concentration in water, air water concentrationratio of 104, indoor occupancy of 7000 h per year, equilibrium
factor 0.4 and inhalation dose conversion coefficient 9 nSv
(Bq h m3)1. The effective dose to the ingestion mainly de-
pends upon the amount of water consumed by a human being
in a day. The dose due to inhalation and ingestion are calcu-
lated by the equations (3)e(5) (UNSCEAR, 2000)
Inhalation dose ðmSvÞ ¼ 222Rn conc: Bq l1 104  7000 h
 0:4 9 nSv Bq h m31
(3)
Ingestion dose ðmSvÞ¼222Rn conc: Bq l1 365 l y1
 3:5 nSv Bq1
(4)
Ingestion dose ðmSvÞ¼226Ra conc: Bq l1 365 l y1
 280 nSv Bq1
(5)
3. Results and discussions
The 222Rn concentration in natural drinking water in different
types of water samples was estimated using emanometry
method in the Mandya region. The major portion of the dis-
trict is covered by granite and granitic gneisses. However, a
band of chlorite and mica schist along with intrusives like
pegmatites, dolerites and porphyries occurs as isolated
patches. The rocks are medium-to coarse-grained and
composed of grayish or white feldspars, bluish grey or white
translucent to opaque quartz, biotitic, and hornblende. The
variation of 222Rn and 226Ra activity in borewell water and the
corresponding radiation dose is shown in Table 1. The con-
centration of 222Rn in borewell water varies form 6.44 ± 0.20 to
44.83 ± 0.54 Bq l1 with geometric mean 16.42 ± 0.31 Bq l1.
Higher radon concentrations were observed at Yettaganahalli
and Mandya city. 226Ra concentration varies form 14.26 ± 0.32
to 81.06 ± 0.99 mBq l1 with geometric mean
27.61 ± 0.43 mBq l1. Higher radium concentrations were
observed at Mahadevapura, Baburayana Koppalu and Yetta-
ganahalli. Higher radiation levels are associated with igneous
rocks, such as granite, and lower levels with sedimentary
rocks. There are exceptions, however, as some shales and
phosphate rocks have relatively high content of radionuclides
(Bonotto, 2014). It is observed that the radon concentration is
high in ground water around the granitic rock exposures and
similarly observation of high values of radon is reported in
sheared gneiss which covers major portion of the Mandya
district to phyllites and schists (Hunse, Najeeb, Rajarajan, &
Muthukkannan, 2010).
The frequency distribution of 226Ra and 222Rn concentra-
tion in borewell water of Mandya region is shown in Figs. 4
and 5 respectively. The distribution is of log normal and
about 18% of the samples were found to be less than
permissible limit of 11 Bq l1, which is proposed by USEPA for
radon concentration through water intake. About 82% of the
borewell water samples show slightly higher level of 222Rn
concentrations, which exceeds the MCL 11 Bq l1 as recom-
mended by USEPA (2000).
The dose due to 222Rn is divided into two parts, namely the
dose from ingestion and the dose from inhalation. For the
Table 1 e 222Rn and 226Ra activity in borewell water and the corresponding radiation dose.
Location Number of
samples
pH EC
(mS cm1)
222Rn
(Bq l1)
226Ra
(mBq l1)
Inhalation dose
due to 222Rn
(mSv y1)
Ingestion dose
due to 222Rn
(mSv y1)
Ingestion
dose due
to 226Ra
(mSv y1)
Total dose
(mSv y1)
1 Mahadevapura 4 7.2 3015 17.17 ± 0.34 68.09 ± 0.60 43.27 21.93 6.96 72.16
2 Baburayana
Kopplu
4 6.9 3572 18.64 ± 0.35 73.01 ± 0.75 46.97 23.81 7.46 78.25
3 Chandagalu 3 7.5 2456 17.70 ± 0.14 46.50 ± 0.50 44.60 22.61 4.75 71.97
4 Ganjam 4 7.1 2245 11.53 ± 0.28 56.80 ± 0.56 29.06 14.73 5.80 49.59
5 K M Doddi 4 8.0 1123 8.43 ± 0.24 15.20 ± 0.31 21.24 10.77 1.55 33.57
6 K Shetihalli 4 6.8 975 11.35 ± 0.28 16.00 ± 0.31 28.60 14.50 1.64 44.74
7 Karighatta 3 7.4 1078 11.50 ± 0.28 41.85 ± 0.52 28.98 14.69 4.28 47.95
8 Kannambadi 3 7.2 3123 17.70 ± 0.33 32.20 ± 0.42 44.60 22.61 3.29 70.51
9 Kiragavalu 4 6.9 896 6.44 ± 0.20 18.16 ± 0.33 16.23 8.23 1.86 26.31
10 Kyatanagere 3 7.3 2536 15.66 ± 0.32 14.26 ± 0.32 39.46 20.01 1.46 60.93
11 Malavalli 16 7.2 2465 36.37 ± 0.48 18.02 ± 0.36 91.65 46.46 1.84 139.96
12 Mandya 24 7.8 3520 41.50 ± 0.53 20.10 ± 0.38 104.58 53.02 2.05 159.65
13 Marahalli 4 6.9 3568 13.20 ± 0.30 59.63 ± 0.61 33.26 16.86 6.09 56.22
14 Srirangapatna 9 7.8 1024 19.02 ± 0.35 23.30 ± 0.28 47.93 24.30 2.38 74.61
15 Yettaganahalli 4 7.9 2978 44.83 ± 0.54 81.06 ± 0.99 112.97 57.27 8.28 178.53
Min 6.8 896 6.44 ± 0.20 14.26 ± 0.32 16.23 8.23 1.46 26.31
Max 8.0 3568 44.83 ± 0.54 81.06 ± 0.99 112.97 57.27 8.28 178.53
Average 7.4 2128 19.79 ± 0.33 33.05 ± 0.47 49.88 25.29 3.38 78.55
Median 7.3 2355 14.43 ± 0.32 21.70 ± 0.42 36.36 18.43 2.22 58.57
Geometric mean 7.3 1865 16.42 ± 0.31 27.61 ± 0.43 41.38 20.98 2.82 65.94
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impart a radiation dose to the stomach and lung respectively.
Computing from the radium and radon activity concentra-
tions in borewell water samples, the total dose due to inges-
tion and inhalation varies from 26.31 to 178.53 mSv y1 with a
geometric mean of 65.94 mSv y1, which is below the pre-
scribed dose limit of 100 mSv y1 by WHO (2011). At Malavalli,
Mandya and Yettaganahalli the total dose is above 100 mSv y1
due to higher concentration of radium and radon in borewell
water (Eckerman et al., 2012; IAEA, 2011).
In Mandya region tap water facility is available for do-
mestic use at few towns. The variation of 222Rn and 226RaFig. 4 e Distribution of 226Ra in water samples of Mandya
region.activity in tap water and the corresponding radiation dose is
shown in Table 2. The total dose due to ingestion and inha-
lation varies from 26.54 to 33.01 mSv y1 with a geometric
mean of 29.5 mSv y1, which is well below the prescribed dose
limit of 100 mSv y1 by WHO.
The distribution of the radium and radon activity in
different source of water samples is shown in Fig. 6. Borewell
and openwell contain higher concentration of 226Ra and 222Rn.
226Ra concentration in borehole water and open well water
have the radium concentration with average value
27.61 ± 0.43mBq l1 and 18.9 ± 0.90mBq l1 respectively. 222Rn
concentration in borehole water and open well water with
average value 19.79 ± 0.33 Bq l1 and 12.7 ± 0.56 Bq l1Fig. 5 e Distribution of 222Rn in water samples of Mandya
region.
Table 2 e 222Rn and 226Ra activity in tap water and the corresponding radiation dose.
Location pH EC
(mS cm1)
222Rn
(Bq l1)
226Ra
(mBq l1)
Inhalation dose
due to 222Rn
(mSv y1)
Ingestion dose
due to 222Rn
(mSv y1)
Ingestion dose
due to 226Ra
(mSv y1)
Total dose
(mSv y1)
1 Sreeraanga Patna 7.1 2132 8.36 ± 0.25 12.36 ± 0.0.31 21.07 10.68 1.26 33.01
2 Malavalli 7.3 2956 7.25 ± 0.22 17.65 ± 0.0.33 18.27 9.26 1.80 29.34
3 Mandya 7.0 2489 6.44 ± 0.19 20.36 ± 0.35 16.23 8.23 2.08 26.54
Geometric mean 7.1 2503.3 7.3 ± 0.36 16.4 ± 0.32 18.4 9.3 1.7 29.5
Fig. 7 e Correlation between 222Rn and 226Ra concentration
in water samples.
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relatively lower concentration of both 226Ra and 222Rn. Low
226Ra and 222Rn concentrations were observed in the tap
water, Lake water and river water is due to the lack of major
contact with radon emanating mineral material and also the
aeration of radon gas to the atmosphere. The concentrations
of radon in watermay range over several orders of magnitude,
generally being highest in well water, intermediate in ground
water, and lowest in surface water (Chandrashekara, Veda, &
Paramesh, 2012; Kitto, Parekh, Torres, & Schneider, 2005).
The scatter plot of variation between radon and radium
concentration in water samples is shown in Fig. 7. There is a
good correlation between radium and radon in water with a
Pearson's r value of 0.76. The correlation between the 226Ra
concentration and electrical conductivity in natural water
samples was studied and it is shown in Fig. 8. There is a good
correlation between electrical conductivity and 226Ra con-
centration in water with a Pearson's r value of 0.61. In general
at places where there is higher electrical conductivity, the
radium concentration is found to be high. But there is no
significant correlation between pH and the concentration of
radium or radon in water.
The results of the 222Rn concentration in the ground water
of the study area are compared with the literature values re-
ported for other environs and are shown in Table 3. The
overall mean value of 8.22 Bq l1 observed in the present study
is low compared to the literature value reported in Brazil,
Israel, Italy South America, Korea, China, SW Poland, Finland,
Himalay, Mysore, Bangalore, Tumkur. It is found to be highFig. 6 e Distribution of radon concentration in different
source of water.compared coastal Kerala Rajasthan, Punjab, and Coonoor
Tamilnadu (Bonotto, 2014; Cho, Ahn, Kim, & Lee, 2004;
Choubey & Ramola, 1979; D'Cunha, Narayana, Karunakara,
Yashodhara, & Kumara, 2011; Duggal et al., 2014; Godoy &
Godoy, 2006; Ilani et al., 2006; Kozłowska et al., 2009; Najeeb,
Vinayachandran, Jose, & Vashistha, 2014; Przylibski et al.,
2004; Rajesh, Chandrashekara, Nagaraja, & Paramesh, 2012;Fig. 8 e Correlation between 222Rn concentration in water
and electrical conductivity of water.
Table 3 e 222Rn concentration (Bq l¡1) in ground water at different parts of the world.
Present work Literature value Region Reference
6.44 ± 0.20e44.83 ± 0.54 50e300 South Korea (Cho et al., 2004)
61e274 Israel (Ilani et al., 2006)
12.7 Italy (Kozłowska et al., 2009)
<1.2e3542 (57.7) Brazil (Godoy & Godoy, 2006)
27e460 Finland (Vesterbacka et al., 2005)
0.71e3735 (229.4) China (Zhuo et al., 2001)
14e64 South America (Bonotto, 2014)
0.2e1645 (240) SW Poland (Przylibski et al., 2004)
India 5e887 Himalaya (Choubey & Ramola, 1997)
0.87e32.10 Punjab (Singh et al., 2009)
1.6e5.4 (3.3) Rajasthan (Duggal et al., 2014)
0.03e5.72 Coonoor Tamilnadu (Selvasekarapandian et al., 2002)
0.3e1.31 (0.29) Coastal Kerala (D'Cunha et al., 2011)
5.3e283 (87.0) Bangalore (Shiva Prasad et al., 2007)
BDLe643.9 Mysore (Rajesh et al., 2012)
5e250 Tumkur (Najeeb et al., 2014)
J o u rn a l o f R a d i a t i o n R e s e a r c h and A p p l i e d S c i e n c e s 7 ( 2 0 1 4 ) 4 9 1e4 9 8 497Selvasekarapandian et al., 2002; Shiva Prasad, Nagaiah,
Ashok, & Mahesh, 2007; Singh, Singh, Singh, Bajwa, &
Sonkawade, 2009; Vesterbacka, Makelainen, & Arvela, 2005;
Zhuo, Iida, & Yang, 2001). The distribution of the 226Ra and
222Rn may range over several orders of magnitude in different
types of water samples. It is evident that higher activity con-
centration observed in borewells water intermediated in
ground water and lowest in surface water and tap water. The
concentrations of radon in water generally being highest in
well water, intermediate in ground water, and lowest in sur-
face water.4. Conclusion
The concentrations of 226Ra and 222Rn in natural ground water
of Mandya districts the water samples were collected and
analyzed by radon Emanometry technique. The concentration
of 222Rn in borewell water varies form 0.44 ± 0.20 to
44.83 ± 0.54 Bq l1 with geometric mean 16.42 ± 0.31 Bq l1.
Higher radon concentrations were observed at Yettaganahalli
and Mandya city. 226Ra concentration varies form 14.26 ± 0.32
to 81.06 ± 0.99 mBq l1 with geometric mean
27.61 ± 0.43 mBq l1. It is observed that the radon concentra-
tion is high in ground water around the granitic rock expo-
sures and similarly observation of high values of radon is
reported in sheared gneiss which covers major portion of the
Mandya district to phyllites and schists. The total dose due to
ingestion and inhalation varies from 26.31 to 178.53 mSv y1
with a geometric mean of 65.94 mSv y1, which is well below
the prescribed dose limit of 100 mSv y1 by WHO.
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